Background: Treatment for midgut neuroendocrine tumor patients with unresectable liver metastasis has long been a controversial issue. This system review aims to summarize existing evidence concerning the value of primary tumor resection in this group of patients.
INTRODUCTION
Midgut neuroendocrine tumors (MNETs) are recognized for the ability to secrete serotonin and are associated with the development of carcinoid syndrome (CS). Considered as rare neoplasm traditionally, the incidence of MNETs has gone through a remarkable increase in recent years. They have already surpassed adenocarcinomas as the most common small bowel tumors [1] . MNETs are known for its indolent course and good long-term survival. Research showed that 10-year overall, cause-specific and relative survival are 36%, 80%, 54%, respectively [2] . MNETs are silent at early stage and many patients are detected incidentally at surgery for Review www.impactjournals.com/oncotarget bowel obstruction and bowel infarction [3] . Considering its insidious nature, stage IV disease is common at initial diagnosis, with liver metastasis being predominant. Other frequent metastatic sites include lymph node and bone [4, 5] .
Radical surgery is the only treatment that offers potential cure for patients with resectable metastasis [6] . Cytoreductive surgery is generally carried out when removing 70-90 per cent of the disease is possible [7] . Unfortunately, around 80% of hepatic metastasis is inoperable at the time of presentation [8] , and whether primary tumor resection should be conducted in this context is still disputable. In 2014, E AHPBA offered a proposal based on jury votes to support primary tumor removal [9] . The ENETS 2016 guideline also deemed primary tumor resection as necessary even in the presence of liver or lymph node metastasis [10] . None of these recommendations had robust data support, with evidence level being expert opinion.
Previous research on the topic is scarce and highly different in study design, thus no definite conclusion was drawn. We aimed to update the systemic review in 2012 [11] by adding recent evidence and conducting more comprehensive research.
RESULTS

Basic characteristics of studies
Our literature search identified 748 unique references ( Figure 1 ). After full text review of 57 manuscripts, 3 were selected. Combining these 3 studies with the 6 studies from previous systemic review, we ruled out one duplicate and got 8 distinct studies. Descriptive characteristics of the 8 studies are shown in Table 1 [12] [13] [14] [15] [16] [17] [18] [19] . All were retrospective cohort studies, with one multicenter research. Patients from a wide time range from 1960 to 2013 were analyzed. Most studies reported age and/or gender information, while several studies did not mention follow up information. The rest had a median follow up time of 55-90 months.
Quality assessment of studies included
None of the 8 studies strictly met the inclusion criteria (Table 2 ). In 4 studies [12, 15, 17, 18] , MNETs were mixed with NETs from sites other than midgut including pancreas and unknown primary. Only one of the four studies [18] analysed MNETs separately. 7 studies [13] [14] [15] [16] [17] [18] [19] included certain proportion of patients without liver metastasis, and only one of them [15] pursued subgroup analysis on hepatic metastatic patients. In regard to intervention, some [13, 14, [17] [18] [19] did not differentiate cytoreductive surgery from palliative primary tumor resection. Given the distinct nature of these two types of interventions, we deem it inappropriate to mix them together.
Results of quality assessment by NOS score are shown in Table 3 . 3 studies had a few flaws regarding comparability [13, 15, 18] . None of them analysed baseline difference between primary tumor resected and unresected group, nor did they conduct multivariate analysis to eliminate this difference. 3 studies failed to demonstrate that follow-up period was long enough for outcomes to occur [15, 18, 19] . Above all, all 8 studies scored above 5 and we decided to conduct qualitative analysis on them.
Outcomes Primary outcome-overall survival
The 8 studies included a total of 1698 patients in survival analysis (range 65-601), the number of patients underwent primary tumor resection was 1202 (range 27-493). From Table 4 , we can see that all of them showed a trend towards better overall survival in the primary resected group, expressed as MOS [12-15, 18, 19] and/or 5-year overall survival rate [12, [14] [15] [16] [17] . MOS was 75-141 months and 37-88 months in primary tumor resected and unresected group. 5-year overall survival were 35.7%-81% and 5.4%-46% in these two groups. Two studies demonstrated no statistical difference in OS [13, 17] .
Secondary outcomes
None of the studies presented comparison of symptom relief between the two groups, and secondary outcomes were mainly focused on cause of death, including liver metastasis related, primary tumor related as well as operation related death (Table 5 ). According to Givi et al, we can conclude that PFS to liver lesion was prolonged and liver metastasis related death (liver failure) had a significant decrease after removal of the primary tumor [12] . Regarding primary tumor related death, there were conflicting results on bowel obstruction [12, 14] , while death caused by bowel infarction obviously reduced after surgery [12] . For surgery induced death, the 30-day post-surgical death rate ranged from 1.43-1.6% [14, 16] , and death rate was www.impactjournals.com/oncotarget higher if patients went through a second operation for the midgut lesion [16] .
Subgroup analysis
Different patient characteristics such as presence of carcinoid syndrome, Ki67 status/tumor staging could affect the results. Operation strategies also contribute to heterogeneity of outcome. Relevant information are as follow.
Givi et al. [12] analyzed the impact of primary tumor resection on asymptomatic patients. They identified 28 patients without bowel obstruction, bowel infarction and other forms of acute abdomen before operation and compared them to 18 unresected patients. The survival benefit turned out to be statistically significant on univariate analysis.
Norlén et al. [16] compared the difference between primary tumor resection alone and along with mesenteric lymphnode resection. 293 patients were radically resected # total refers to patients include for survival analysis. * 41 patients with unknown primary was included in the study but excluded from the survival analysis concerning resection of primary tumor. ** only 74% of the patients had liver metastasis but subgroup analysis on survival benefit was conducted. *** data missing for two patients. **** there were 91 patients with stage 4 disease in the study, patients with liver metastasis were not specifically mentioned. Søreide et al. [15] Post operative mortality rate 2% 0%
Norlén et al. [16] Overall surgery-related 30-day mortality 1.6 % 0%
30-day mortality after first primary resection 0.5% 0%
30-day mortality after second primary resection 2.0% 0% while 200 patients only had primary tumor removed. 5-year survival rate were 77% and 63% for lymphnode resected and unresected group. 10-year overall survival were 52% and 38% respectively. The difference was significant on univariate analysis.
DISCUSSION
For MNETs patients with unresectable liver metastasis, primary tumor resection is conducted for two reasons, one is to relieve symptoms caused by primary tumor and the other is to improve survival. For symptomatic patients, symptom relief acts as major drive to operate on primary tumor. Decision to resect clinicallysilent primary tumors in the presence of unresectable metastasis is particularly hard to make, for possible benefit only lies in extending survival and risk of surgery has to be weighed carefully.
All of the 8 included studies showed a tendency towards better survival for the primary tumor resected group, with 6 of them demonstrated difference that was statistically significant. The problem is to what extent can these results be trusted. We tried to address this issue from two aspects. One is whether primary tumor removal extend survival for real according to the 8 included studies. The other is whether there are evidences to support the underlying reasons favouring primary tumor resection.
There were no RCTs on this issue, making it impossible to draw a definite conclusion. Efforts were made on both design and analysis to correct selection bias and bias caused by loss-of-follow up, but results from retrospective cohort studies should be interpreted with caution.
Another factor leading to uncertainty of result is population deviation from patients we were interested in to patients included in the studies. Some studies included patients other than MNETs, with part of the patients having pancreatic NETs (PNETs) or NETs from unknown primary sites. Several studies included patients with metastasis of sites other than the liver, such as locoregional metastasis, bone metastasis, distant lymphnode metastasis etc. However, 7 of the 8 studies focused on advancedstage NETs with a vast majority of patients having distant metastasis, except for one study [16] in which only 397 of the 603 patients had stage IV disease.
PNETs patients were the main group of people mixing with MNETs in the studies. We found that the role of primary tumor resection in the presence of unresectable liver metastasis in PNETs was also unclear. Several studies did show a survival benefit for primary tumor resection among PNETs patients, and the difference between resected and unresected group was almost as evident as the MNETS [20, 21] . However, weaker recommendation was made for primary tumor resection for PNETs compared with gastrointestinal NETs, arguing that PNETs have worse prognosis and more operation complications [9, 22] . Some studies even showed shorter survival after resecting the primary tumor [23] . What we can conclude is that survival benefit for primary tumor resection in MNETs is no less than that in PNETs. The concern that mixing PNETs with MNETs patients might exaggerate survival benefit can thus be eliminated.
Mixing liver metastasis with other distant metastasis is another problem to address. Since liver is the most common site of distant metastasis in MNETs, it was no surprise to find little data available concerning primary tumor resection in the presence of other distant metastasis. However, if we accept the basic assumption that the worse prognosis a metastasis indicates, the less benefit can be derived from primary tumor resection, we are able to make a rough estimation. Irvin et al. found that in MNETs, hazardous ratio of OS for distant metastasis as a whole, liver metastasis, liver involvement > 10% and liver metastasis > 5 were 2.7, 1.79, 2.81 and 3, respectively for univariate analysis. For multivariate analysis, the hazardous ratio for distant metastasis as a whole, liver metastasis and liver involvement > 10% were 1.98, 2.3 and 2.63, respectively [24] . The influence of liver metastasis on prognosis of MNETs is still controversial [25] . According to a study of 256 MNETs patients, individuals with local disease (primary tumor and/or locoregional lymph node metastases) exhibited a median survival of 108 months, compared to 159 months if < 5 liver metastases and 53 months if ≥5 liver metastases [26] . On the other hand, definite conclusion has already been reached that survival for distant metastatic MNETs patients was significantly worse than those without [27] [28] [29] . All the above evidence showed that liver metastasis has almost the same, if not better, prognosis compared with other distant metastasis. Therefore, benefit of resecting primary tumour is unlikely to be impaired if patients with other distant metastasis are excluded.
From the above analysis, we can summarize that population deviation caused by confusion with NETs from other primary sites and NETs with other metastasis won't twist the result dramatically. The survival benefit of removing the primary tumor is more likely to be underestimated than overestimated in the studies included.
The next question is whether this survival benefit remains for asymptomatic patients. Givi et al. [12] analyzed the impact of primary tumor resection on asymptomatic patients only and found the survival benefit to be statistically significant. However, given the small number of patients involved, we still need more evidences to confirm the results. For operation approach, Norlén et al. [16] found that resection of locoregional metastatic lymphnodes was more favourable compared with removing primary tumor alone. According to a research on 1374 MNETs patients of all tumor stages, removal of locoregional metastatic lymph nodes was related with www.impactjournals.com/oncotarget better overall survival on multivariate analysis [30] . More research need to be done to verify this result on patients with hepatic metastasis.
Cause of death for MNETs patients with unresectable liver metastasis includes: primary tumor burden related death, liver metastasis related death, death related to carcinoid syndrome, treatment related death, and death irrelevant to tumor, which is approximately 40-50% due to good long-term survival [31, 32] . Srirajaskanthan, R. et al. [19] reported that three main causes of tumor-related death for MNETs were tumor burden(47.7%), small bowel obstruction(13.6%) and carcinoid heart disease (11.4%). Ahmed et al. [14] showed the most frequent diseasespecific death causes for liver metastatic MNETs to be tumor progression (48%), small bowel obstruction (15%), and carcinoid heart disease (7%).
Tumor burden from liver metastasis is a main death cause for MNETs According to Givi et al [12] , 79% of all death were due to liver failure during a median followup time of 90 months. The study also showed significant decline in death related to liver metastasis (liver failure) after resection of primary tumor and PFS of liver lesion was extended correspondingly from 25 months to 56 months. This was a crucial finding, in that it clarified that resection of primary tumor was advantageous to controlling liver metastasis in MNETs. The impact of primary tumor removal on metastatic disease is controversial in multiple neoplasms including those of the gastrointestinal tract [33, 34] . Some argued that growth rate of liver metastasis would increase due to post-operative immunodeficiency [35, 36] , and this adverse effect could also apply to MNETs. Apart from the study of Givi et al. [12] , no other research was found to address the problem of how primary tumor resection affect liver metastasis. Future studies should investigate into the issue.
Primary tumor burden is another fundamental factor leading to death. Most patients died of bowel obstruction or infarction. From the studies carried out by Givi and Ahmed et al. [12, 14] we concluded that there was a slight decrease in death rate directly related to primary tumor after its removal. This slight decrease, however, has to be interpreted under the condition that more patients had symptoms related to primary tumor before operation in the resected group, so it was possible that resection did reduce death caused by primary tumor burden. Interestingly, Givi and Ahmed et al [12, 14] showed opposite results on bowel obstruction related death. Contradicting to common expectation, Givi et al. [12] reported 2 patients (12.5%) died of bowel obstruction in the resected group and no patients in the unresected group. This could be explained by more advanced pre-operation bowel disease in the resected group, equally possible was that operation could hardly achieve adequate tumor resection and instead led to post-surgical intestinal adhesion.
Another important death-causing factor is carcinoid syndrome. Death caused by carcinoid syndrome is mainly due to carcinoid heart disease (CHD) and patients die of progressive heart failure in most cases. The presence of CHD represented an individual risk factor for death in multivariate analysis for MNETs with a HR of 2.04. If tricuspid regurgitation was present, the HR would rise to 2.52 [24] . Treatment of the tumor itself including somatostatin analogue, hepatic dearterialization, and chemotherapy did not typically result in regression of CHD [37, 38] . Chance of survival was even worse for patients underwent chemotherapy due to possible serotonin release from intestinal enterochromaffin cells [38] . But we did notice in the above 8 studies that resection of primary tumor resulted in better survival in patients with carcinoid syndrome. In the research carried out by S. Pusceddu et al. [18] , all patients enrolled had liver metastatic NETs with carcinoid syndrome. The MOS was 141 months versus 37 months for primary resected and unresected group. The poor overall survival for patients with carcinoid syndrome was confirmed by Strosberg et al. [13] , who demonstrated a MOS of 53 months regardless of treatment modalities. Therefore, the MOS of 141 months was indeed a significant improvement in survival, demonstrating primary tumor resection to be an effective anti-tumor therapy for CS patients.
One factor that should not be ignored in assessing palliative treatment is intervention related death. From the above studies, we learned that death directly caused by primary resection surgery was low. According to Ahmed and Norlén et al. [14, 16] , 30-day post-operation mortality was no more than 1.6%, and the death rate was even lower as 0.5% for primary resection for the first time. As surgical techniques develop constantly, operation related death should not be a problem of main concern.
All the above evidence tends to support primary tumor resection, but again, we have to emphasize that no definite conclusion can be drawn without RCTs. We feel a pressing need for controlled trials with the following features: 1) inclusion criteria for patients strictly defined as MNETs with unresectable liver metastasis. 2) detailed record of patient information that could affect prognosis, including tumor grade, presence of symptoms, presence of carcinoid heart disease, level of 5-HIAA etc. and survival analysis for primary tumor resection among these subgroups. 3) careful tracking down of death cause during follow up and recording PFS to midgut lesion and liver disease respectively after primary tumor resection. 4) information concerning symptom relief and quality of life after primary resection should be gathered as well.
In conclusion, current evidence suggests that there are potential benefits to resect primary tumor in MNETs patients with unresectable liver metastasis, and certain results backup possible reasons behind. But no RCTs have been conducted in this field and all results have to be interpreted with caution. Specific population that may benefit the most from this procedure as well as surgical strategy require more investigation. www.impactjournals.com/oncotarget
MATERIALS AND METHODS
Inclusion criteria
Two independent reviewers screened the studies according to specific selection and exclusion criteria. Inclusion/exclusion of contentious studies were made in consultation with a third reviewer.
Patients
Patients with MNETs and unresectable liver metastasis were considered for analysis, irrespective of tumour grade, extrahepatic disease and tumor functional status.
Intervention
Resection of the primary tumor alone and more extensive resection of the mesentery with metastatic lymph nodes were both included in the analysis.
Comparison
Two distinct groups with and without primary tumor resection as well as explicit comparison of outcome between the two groups were required.
Outcomes
Primary outcome was overall survival (OS), expressed as the proportion of alive patients 1, 3, 5 or 10 years after the intervention, and/or as median overall survival (MOS). Secondary outcomes were cause of death, symptom relief and progression free survival (PFS). PFS was defined as the interval between intervention and disease progression shown on imaging studies.
Types of studies
Studies were included regardless of study type, language, publication status or sample size. We intended to analyze randomized controlled trials (RCTs), quasi-RCTS and non-RCTs, but given the likely paucity of high-quality research on the topic, cohort studies were also considered. Case-control studies, case series, case reports and other observational studies were excluded.
Search strategy
To update the 2012 system review, we used the same search terms to look for records on MEDLINE in the last five years. Literature retrieval was also conducted in EMBASE and CENTRAL, both of which not included in the 2012 review. All databases were searched until 2016/07/04. The computer search was supplemented with a manual search of the primary studies referenced in all retrieved articles. Oral reports from meetings and correspondence were also explored to minimize publication bias. If certain cohort was used in more than one studies, only the most recent and complete version was included. Full search strategies are displayed in Appendix 1. The methodology was developed from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.
Data extraction
Two authors independently extracted relevant data including study design, study duration, study size, median follow-up time and year of publication, types of surgery; sex, age, histology, biochemical markers and carcinoid symptoms; OS, PFS, cause of death (treatment-related mortality etc.) and symptom relief.
Quality assessment
Study quality was assessed by JADAD score for RCTs and NOS for cohort studies. In the event of disagreements, consensus was achieved in discussion with the corresponding author.
Statistical analysis
Meta-analysis of RCTs or cohort studies was planned using Revman 5.3 with the following methods: calculation of the relative risk with 95 per cent confidence interval for dichotomous variables, calculation of the mean difference for continuous variables, use of a random effects model, evaluation of heterogeneity by χ 2 test, and measure of the quantity of heterogeneity by means of the I 2 value.
